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I. REAL PARTY IN INTEREST 

The real party in interest is Astellas Pharma Inc. 
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II. RELATED APPEALS AND INTERFERENCES 

Appellants, Appellants' legal representative and the Assignee of this application are not 
aware of any other appeals or interferences which may be related to, directly affect or be affected 
by, or have a bearing on the Board's decision in the pending appeal. 
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III. STATUS OF CLAIMS 

Claims 18-21 are pending in the application. 

This is an appeal from the Examiner's rejection of claims 18-21 under 35 U.S.C. § 102(b) 
over Watkins (WO 02/30879 A2). 
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IV. STATUS OF AMENDMENTS 

The Amendment submitted on August 6, 2008 is the last response submitted with 
amendments to the claims of the application. The Amendment filed on August 6, 2008 was 
entered according to the Advisory Action mailed August 19, 2008. 

There are no outstanding amendments to the claims or to the specification in the present 
application. 



5 



Appeal Brief under 37 C.F.R. § 41.37 
U.S. App. Ser. No. 10/525,015 



Atty. Dckt. No. Q86324 



V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

The present invention relates to a method for treating osteoarthritis caused by articular 
cartilage extracellular matrix degradation. 

Independent claim 18 of the present application recites a method for treating 
osteoarthritis caused by articular cartilage extracellular matrix degradation, which comprises 
administering a therapeutically effective amount of a histone deactylase-inhibiting compound to 
a patient in need thereof. See specification page 10, lines 16-23 and page 1 1, lines 8-12. 
Claims 19-21 ultimately depend from claim 18. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 18-21 stand rejected under 35 U.S.C. § 102(b) as allegedly being anticipated by 
Watkins (WO 02/30879 A2). 
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VII. ARGUMENT 

The rejection of claims 18-21 under 35 U.S.C. § 102(b) based 
on Watkins should be reversed because Watkins does not 
contain an enabling disclosure of the treatment of 
osteoarthritis; and therefore the present invention is not 
anticipated. 

The Examiner relies on Watkins as teaching that HDAC inhibitors are well known for 
treating osteoarthritis. 

Appellants respectfully traverse the rejection and submit that Watkins is primarily 
directed to inhibition of proliferative conditions such as cancer and psoriasis. Watkins only 
mentions osteoarthritis as a disease or condition for which the disclosed HDAC inhibitors might 
be useful, but it does not teach a specific working example where an HDAC inhibitor is 
administered to a subject actually having osteoarthritis. Thus, Watkins does not identically 
disclose all elements of the present claims and for at least this reason does not anticipate the 
present claims. 

Additionally, the disclosure of Watkins et al is not enabling as to a method of treatment 
of osteoarthritis when taken in view of the knowledge and skill available and the state of the art. 
"A reference contains an 'enabling disclosure' if the public was in possession of the claimed 
invention before the date of invention. 'Such possession is effected if one of ordinary skill in the 
art could have combined the publication's description of the invention with his [or her] own 
knowledge to make the claimed invention.' In re Donohue, 766 F.2d 531, 226 USPQ 619 (Fed. 
Cir. 1985)." See MPEP §2121.01. The disclosure in an assertedly anticipating reference must 
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provide an enabling disclosure of the desired subject matter; mere naming or description of the 
subject matter is insufficient, if it cannot be produced without undue experimentation. Id. 

At pages 110-111, Watkins et al states that, inflammatory diseases such as osteoarthritis 
and rheumatoid arthritis are conditions which are known to be mediated by HDAC or are known 
to be treated by HDAC inhibitors. However, this statement is contrary to the knowledge and 
skill in the art with respect to treatment of osteoarthritis and cannot serve as an enabling 
disclosure. 

Specifically, at pages 110-111, Watkins discloses: 

The compounds of the present invention may also be used in the 
treatment of conditions which are known to be mediated by 
HDAC, or which are known to be treated by HDAC inhibitors 
(such as, e.g., trichostatin A). Examples of such conditions include, 
but are not limited to the following: 
Cancer (see, e.g., Vigushin et al., 2001). 
Inflammatory disease (e.g., osteoarthritis, rheumatoid arthritis) 
(see, e.g., Dangond et al., 1998; Takahashi et al., 1996). 

The mere disclosure of Watkins at pages 110-11 relied on by the Examiner is not 
sufficiently enabling for the treatment of osteoarthritis for purposes of anticipation under 35 
U.S.C. § 102 since it does not provide any examples, direction or guidance for use of a specific 
HDAC inhibitor agent in the treatment of osteoarthritis. Additionally, the references cited by 
Watkins in support of the assertion that HDAC inhibitors were known to treat inflammatory 
diseases such as osteoarthritis and rheumatic arthritis do not even mention these conditions and 
thus do not support the assertion made by Watkins. 
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Specifically, Watkins is not enabling for the use of HDAC inhibitor compounds in the 
treatment of osteoarthritis. Watkins discloses carbamic acid compounds and teaches that the 
compounds are useful as HDAC inhibitors, in particular, useful to inhibit proliferative 
conditions, such as cancer and psoriasis. The biological activity concretely disclosed in Watkins 
is merely a finding of "the ability to inhibit deacetylase activity and to inhibit cell proliferation" 
(cf. pages 230-247). Although Watkins describes reasons for usefulness for inhibiting 
proliferative conditions, such as cancer and psoriasis, in detail, the description about other uses is 
limited to the description at pages 110-111. At page 110, lines 15-18, it is described, "The 
compounds of the present invention may also be used in the treatment of conditions which are 
known to be mediated by HDAC, or which are known to be treated by HDAC inhibitors". But 
Watkins does not provide any additional guidance as to how the compounds can be used to treat 
osteoarthritis other than the reference to Dangond et al and Takahashi et al (of record, submitted 
as Attachments 1 and 2 to the Amendment filed January 31, 2008) and these references do not 
mention osteoarthritis. 

Dangond et al and Takahashi et al do not have any disclosure relating to the use of the 
compounds described therein in the treatment of osteoarthritis and inflammatory disease. 
Dangond et al describes that "HDACs suggests they play a fundamental role in multiple and 
complex cellular pathways of immune system regulation" and Takahashi et al discloses that 
Trichostatin A inhibits IL-2 gene expression and has immunosuppressive activity and 
proliferation inhibiting activity. Thus, it is apparent that these disclosures do not establish a 
nexus between HDACs and osteoarthritis. Appellants have pointed out that osteoarthritis is not a 

10 



Appeal Brief under 37 C.F.R. § 41 .37 Arty. Dckt. No. Q86324 

U.S. App. Ser. No. 10/525,015 

disease relating to the immune system. Osteoarthritis is a disease where degradation of 
extracellular matrix constituted from collagen and proteoglycan occurs. However, as is apparent 
from the description of classification of autoimmune diseases (refer to Table 2-2, page 29 of 
Reference Document 3, of record, submitted with the Amendment filed November 27, 2006) and 
its mechanism of action (refer to Fig. 4, page 32 of Reference Document 4, of record, submitted 
with the Amendment filed November 27, 2006), osteoarthritis is not an autoimmune disease. 

Also, of all the references of record in the present application, there is no reference which 
shows that osteoarthritis is "known to be mediated by HDAC" or "known to be treated by HDAC 
inhibitors". Accordingly, Watkins does not show enablement for the use of HDAC inhibitor 
compound in the treatment of osteoarthritis. 

The Examiner has not pointed to any other references in support of his position that 
Watkins is enabling for the treatment of osteoarthritis. In the Advisory Action dated July 3, 
2008, the Examiner states that one need not look beyond the disclosure of Watkins since Watkins 
states that it is well known to treat osteoarthritis with HDAC inhibitors. More specifically, the 
Examiner states "Watkins provides the disease, the statement it can be treated with HDACi and 
provides a myriad of HDACi' s [sic] to use". However, this is not the standard for determining 
whether a reference is enabling. As noted above, a reference contains an enabling disclosure if 
the public was in possession of the claimed invention before the date of invention. Such 
possession is effected if one of ordinary skill in the art could have combined the publication's 
description of the invention with his [or her] own knowledge to make the claimed invention. See 
MPEP §2121.01 citing In re Donohue, 766 F.2d 531, 226 USPQ 619 (Fed. Cir. 1985). In this 
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case, the description in Watkins is insufficient and the knowledge and remainder of the prior art 
does not support the description in the Watkins reference that it was well known that HDACi's 
could be used for the treatment of osteoarthritis. 

As explained above, Dangond et al and Takahashi et al, which are cited in Watkins as 
references for inflammatory disease (e.g., osteoarthritis, rheumatoid arthritis), describe that the 
immunosuppressive activity is the base. Accordingly, each of these references indicates that the 
HDAC inhibitor acts on rheumatoid arthritis through immunosuppressive activity. 

On the other hand, as described above, osteoarthritis is neither an autoimmune disease 
nor a disease in which CD 154, IL-10, and INF-gamma participate. Accordingly, considering the 
functional mechanism of the HDAC inhibitor disclosed in the references, it is quite apparent that 
the use for osteoarthritis would be distinguished from the use for rheumatoid arthritis by those of 
ordinary skill in the art. 

Moreover, even if Watkins could be considered as describing osteoarthritis and 
rheumatoid arthritis in parallel, one skilled in the art who understood the contents of all of these 
references would not consider that the HDAC inhibitor can act on osteoarthritis through its 
immunosuppressive activity and rather would doubt its enablement. Thus, one skilled in the art 
would not consider to apply the HDAC inhibitor to osteoarthritis similar to rheumatoid arthritis. 

In view of the above, Appellants respectfully submit that the totality of the evidence 
provided on the record must be considered, which establishes that Watkins is not an enabling 
reference and does not disclose, teach or suggest the present invention of treating osteoarthritis 
caused by articular cartilage extracellular matrix degradation, which comprises administering a 
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therapeutically effective amount of a histone deacetylase-inhibiting compound to a patient in 
need thereof as recited in independent claim 18. The ultimate determination of patentability is 
based on the entire record, by a preponderance of evidence, with due consideration to the 
persuasiveness of any arguments and any secondary evidence. See MPEP § 2142 citing In re 
Oetiker, 977 F.2d 1443, 24 USPQ2d 1443 (Fed. Cir. 1992). The legal standard of "a 
preponderance of evidence" requires the evidence to be more convincing than the evidence 
which is offered in opposition to it. When an Applicant submits evidence, whether in the 
specification as originally filed or in reply to a rejection, the Examiner must reconsider the 
patentability of the claimed invention and the decision on patentability must be made based upon 
consideration of all the evidence, including the evidence submitted by the Examiner and the 
evidence submitted by the Applicant. A decision to make or maintain a rejection in the face of 
all the evidence must show that it was based on the totality of the evidence. Facts established by 
rebuttal evidence must be evaluated along with the facts on which the conclusion was reached, 
not against the conclusion itself. See MPEP § 2142 citing In re Eli Lilly & Co., 902 F.2d 943, 14 
USPQ2d 1741 (Fed. Cir. 1990). 

In this case, Appellants have pointed out that: (1) Watkins does not provide a specific 
example wherein an HDAC inhibitor is used to treat osteoarthritis and does not provide an 
enabling disclosure for such a method of treatment; (2) the references referred to by Watkins in 
support of the statement that the method of treatment of osteoarthritis using HDACi's was well 
known do not even mention these conditions and thus do not support the assertion made by 
Watkins; (3) none of the other references of record indicate that osteoarthritis is "known to be 
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mediated by HDAC" or "known to be treated by HDAC inhibitors"; and (4) the Examiner has 
not pointed to any other references in support of his position that Watkins is enabling for the 
treatment of osteoarthritis. 

On the other hand, the Examiner has made statements regarding the disclosure of 
Watkins which are contradicted by objective evidence of the knowledge and skill available in the 
art. Accordingly, the evidence presented by Appellants is more convincing than the mere 
statements of the Examiner. Thus, patentability of the present claims is supported by a 
preponderance of the evidence when the totality of the record is properly taken into 
consideration. 

Accordingly, Appellants respectfully submit that the anticipation rejection should be 
reversed. 

The USPTO is directed and authorized to charge the statutory fee (37 C.F.R. §41. 37(a) 
and 1.17(c)) and all required fees, except for the Issue Fee and the Publication Fee, to Deposit 
Account No. 19-4880. Please also credit any overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




WASHINGTON ! 



65565 



CUSTOMER NUMBER 



Date: October 3, 2008 
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CLAIMS APPENDIX 

CLAIMS 18-21 ON APPEAL: 

18. A method for treating osteoarthritis caused by articular cartilage extracellular 
matrix degradation, which comprises administering a therapeutically effective amount of a 
histone deacetylase-inhibiting compound to a patient in need thereof. 

1 9. The method according to claim 1 8, wherein the histone deacetylase-inhibiting 
compound is selected from FK228, MS-27-275, Trichostatin A, NVP-LAQ824, SAHA, 
Apicidin, Phenylbutyrate, Valproic acid, Pivaloyloxymethyl butyrate, CI-994, Depudecin, 
Trapoxin, a CHAP, butyric acid and a depsipeptide compound represented by the following 
formula (I), a depsipeptide compound represented by the following general formula (II), and a 
depsipeptide compound represented by the following general formula (Ha): 




(■I) (II) (Ha) 

wherein R represents an isopropyl group, a sec -butyl group, or an isobutyl group. 

20. The method according to claim 1 9, wherein the histone deacetylase-inhibiting 

compound is selected from FK228, the depsipeptide compound represented by formula (I), the 

depsipeptide compound represented by formula (II), the depsipeptide compound represented by 
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formula (Ha), MS-27-275, Trichostatin A, NVP-LAQ824, SAHA, Apicidin, Phenylbutyrate, and 
Valproic acid. 

21 . The method according to claim 1 8, wherein the histone deacetylase-inhibiting 
compound is a compound whose histone deacetylase inhibitory activity (IC 50 value) is a 
concentration of 100 uM or less measured by a histone deacetylase inhibition assay comprising: 

(a) pre-incubating the histone deacetylase-inhibiting compound with [ 3 H] acetyl- 
histones in a solution containing PTT for 1 hour at room temperature, 

(b) adding histone deacetylase to the solution of step (a) and incubating at room 
temperature for 2 hours, and 

(c) measuring the released [ 3 H]. 
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EVIDENCE APPENDIX: 

Pursuant to 37 C.F.R. § 41.37(c)(l)(ix), submitted herewith are copies of any evidence submitted 
pursuant to 37 C.F.R. §§ 1.130, 1.131, or 1.132 or any other evidence entered by the Examiner and 
relied upon by Appellant in the appeal. 

These documents have been submitted: 

(1) Dangond et al., "Differential display cloning of HDAC3 cDNA from PHA-activated 
immune cells", 1998, Biochem. Biophys. Res. Coramun., Vol 242, No.3, pp. 648-652 submitted 
as Attachment 1 with the Amendment filed January 31, 2008. 

(2) Takahashi et al., "Selective Inhibition of IL-2 Gene Expression by Trichostatin A, a 
Potent Inhibitor of Mammalian Histone Deacetylase" 1996, J. Antibiot. (Tokyo), Vol. 49, No.5, 
pp. 453-457) submitted as Attachment 2 with the Amendment filed January 31, 2008. 

(3) Partial English translation of New Integrated Medical Lectures, Classification of 
Autoimmune Diseases, submitted as Reference Document 3 with the Amendment filed 
November 27, 2006. 

(4) Partial English translation of Orthopedic Surgery, No. 42, submitted as Reference 
Document 4 with the Amendment filed November 27, 2006. 
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RELATED PROCEEDINGS APPENDIX 

Submitted herewith are copies of decisions rendered by a court or the Board in any proceeding 
identified about in Section II pursuant to 37 C.F.R. § 41.37(c)(1)(h). 

None 
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BIOCHEMICAL AND BIOPKYStCAL RESEARCH COMMUNICATIONS 242. 648-652 (1998) 
Amicus NO.' RC978033 ' 



Differential Display Cloning of a Novel Human Histone 
Deacetylase (HDAC3) cDNA from PH A- Activated 
Immune Cells 1 

Fernando Dangynd,** 2 David A. Hafler * Jeffrey K. Tong,t Jeffrey Randall,* 
Ryoji Kqjima.t Na^n Utk.ti.T-. and Steven R, GuHans* 

* Department olNeurvlogy and tDepartment of Mediant, Brighomand Women's Hospital Harvard Medial School, 
75 Francis Street, Boston, Massachusetts 02115; and 1 Department of Chemistry and Chemical Biology, . 
Harvard University, 12 Oxford Street, Cambridge, Massachusetts 0213$ 



Received Derambar 23. 1997 



The xiucleosornal histories Can be modified through 
ravanribla acetylatfoii by historic acetyltrarojferases 
(HAT?) and ' deacetylase* (HDACs). HATs induce 
nuclcosomal relaxation and allow DNA-bmding by 
transcriptional activators. HDACs form compressor 
complexes which negatively ' regulate cell growth. 
However, the HDAC inhibitors butyrate. and Tricho- 
statln A block T cell proliferation, suggesting that not 
all effects of HDACs lead to repression. Using mRNA 
differential display and 5 'RACK wo Isolated human 
HDAC3, a.nbvel gene that is upregulated In PHA-arti- 
vated X cell clones- HP ACS 1» homologous to. other hu- 
man HDACs- and yeast RPJD3. in peripheral blood 

, mononuclear cells (PBMCs), activation by PHA, PMA 
end «-C»y Increased HDAC mRNA but no effect was 
seen with XFN-y. LPS, or UL-4. In contrast, GMCSF dow- 
nregulated PBMC levels, of HDAC3 mRNA. All HDACs 
were found to be ubiquitously expressed in Immune 
and non-Immune tissues. In human myeloid leukemia 
THFM cells, HDACS traosfection resulted in increased 
siie, aberrant nuclear morphology and cell- cycle GZ/M 

- ceU acciiinulation. Functional activity of the expressed 
BDAC3 prptefa was confirmed In b>HDAC3 antibody 
iimnunbprccJpltates by a histone deacetylase assay. 
Our study suggests the participation of HDACs in cell 



The core histories are structural components of 
• nucleosomes that play key regulatory functions, as 
' their N-termfnal . domains are post-translatSonally 



<Aae»k«il*i..U669l4>. 
■ * Correspwidb* author. Department of Neurology. Brigham 
Wmnea's Hospital, T5.Franc!s Street. Boston, MA 02115. Fax: (617) 
525-5711. r " ' '- " • , " " ' 

O00S-231X/S8 $25,00 



modifiable through reversible acetylation of their ly- 
sine residues [1, 2], The dynamic equilibrium of lysine 
acetylation depends on two groups of eraymes^histDne. 
aceiyltra^ferases .(HATs) and histone deacetylases 
(HDACs}. Hyperacetylated hlstones decondehse chro- 
matin and make the DNA accessible to transcriptional 
activation complexes [3. 4). Deaceiylatton of histories 
counteracts this effect by limiting accessibility of acti- 
vation factors 15, S] and aUowtog the binding of known 
transcriptional repressor complexes to DNA, of which 
HDACs themselves are part 17, 8). 

Recent work identified two human HDACs 19. 10] .. 
that form molecular repressor complexes by associating 
with molecules such as Mad H I}', mSin3 [12, 13], YY1 
110} and the.nuclear receptor compressor N-CoR 18]. In 
addition, studies with HDAC inhibitors such as buty- 
rate and trirJhostatin A (ISA) substantiated the central 
role of histone acetylation hi' gene transcription and 
differentiation [14-17]. Furthermore, these inhibitors;, 
induce specific cell cycle arrest at Gl and G2 phases 
[17], highlighting the complex, regulatory role played 
by HDACs. . 

• In the present study we used inRNA uTfferential dis- 
play of PHA-stirnulated T cell clones and S'RACE to 
isolate HDAC3, a novel HDAC gene whose expression 
in immune cells appears to be regulated during activa- 
tion. Moreover, HDAC3 overexpression disturbs cell cy- 
cle progression in' human cells. 

MATERIALS AND METHODS'' 

isolation at T cell dotm. ' Myefe basic protein (M8F) reaetLvc.T 
cell clones isolated by limiting dilution have been extensively charac- 
terize [18^0).<^ + Tcon<dfln^0blA12.8.Ob3O1.7,HyGll.8^ 
A132 are fc>R2 restricted and recogtOw epitope'MBP s5 «; the HTLV- 
I-reartlve CDS* T ertl clone.KS.2E11.7 is A2 restricted and directed 
against epitope TaxujB. 121). 



from healthy donors using tfrlcoll-paque (Pharmacia) gradient con- . 
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trlfueatton. Cells were cultured in RPMJ supplanted with 10% Harvard University) was added to oach tube followed ly 1 hr incuba- 

• human AB serum, 10% IL-Z-containliw T-Stun (Collaborative Bio- Uora on Ice. Protein A agarose (40 /u) (Glbco, ERL) was added to each 

n^ctted Products). Z raM L-Rjutamlne. lO.mM Hopes, and If* U/ tube and tubes were rotated at 4 *C for 3 hr. Beads were thm washed 

100 & pi ralpeidedlln/Kreptomydn in Petri dishes at 1 x lC celW 3x with 500 p lysis buffer Beads we th^ ra^p^ In 200^ 

ml To assess &ia response of HE)ACs to growth and differ enUatten hlstone deacetylase butter (50 mM Tris pH 7, 150 mM NaCL 10% 

Inducers. PBMCs Were stimulated for 48 hours with rlL-4 (Bc*h ; glycerol. 1 mM SOTA). This suspension was then split to 2 tubes of 

ringer Mannheim) arlO ng/ml, rIFN-y {GibcoBPA) at 10 ng/ml, or 100 ul each. Trtchostetta A JWato Ptn« Chwnteab) Was added to 

rCMCSF OEVwlKfia) at 5 ngtoJ, To assess the response to polyclonal 200 nM final concentration, followed by Incubation on lee for 15 roln- 

actlvators. we used PMA (Sigma) at 10 ng/ml. PHA (Mwex Plagues- utos. *H acetylatod histone substrate was then added to all tehes 

tics. Dartford. UK). (1 ugtaQ. or «-CD3 (OKT3) Aba (Ortho Biotech, and reactions proceeded at 37 "C with vjgwws shaktog ftr S to. 

&S. MHNJ) at ujnil. Petri dishes had been coated with o> Reactions were terminated by the addlUon'of SO pi 0.1 M MCI, 0.16 

CD3 0 ng/ml) the night prior and washed twice With PBS. baton* M AcOH followed by 800 pi ethyl acetate; Tubes were vortaed and 

addine the colls. LPS- (Stoma) was used at 10 petal as a control for spun Jn a microcentrifuge to separate aqueous layers. The organic 

riPN-r-taduced acavadorTcells wewreeowrad after 48 hours by phase (400 pi) was added to 3 ml scmtiuatlonfluld (DuPcritEcoScirrt) 

rnmdianteal dlsiadglng and viability (>86%) was assessed by trypan and counted hi a scintWatewi counter (Becknum). 
blue exclusion. Human myeloid leukemia THP-1 calls were grown in 

RPMX madia supplemented with- 1,0% PCS, 10 mM Hepes, 2wM tr ' ■ ' . 

glutamine, and 100 U/100 fig per ml penlcmin/streptomyctn. RESULTS AND UlSuUSSlUN 

UNA isolation and Morthem analysis. . Total RNA was tainted ' : . . *a-*mSUA =, 

fromT erf! clones and PBMCs ussngthc RNAzoi B method (Tel-Test. Using mRNA differential display we identified .a 

tic). Northern blots with 20 /^g of total RNA per iano were prepared cDNA present in four chronically PHA-activatedT cell 

and probed as described 1221. The blots were washed twice at room fanes (OblAl2.8. Hy3D1.7. HvGll, and KS.2E11.7) 



K^^'STSBft^^r^ thathad^ndergone^ 

S^^Ap «*> were purchased (Ctontecb) andprobri for tissue This 343 bp cDNA fragment was cloned, sequenced, 
distribution studies. HybridliaUonB with either the 343 bp cDNA ari d compared to the NCBI-GenBank database using 



„ or the R98879 EST insert yielded identical results. The bLASTX. The deduced amino add sequence was found 

SW^^^ ^T^^^c^ft^Z to have significant homology to' the amino terminus of 

SSS^^SA X SSS^S^ < &V^ the two JcZ^a human HDAC cDNAs.and the mouse 

use as a probe. We used a human p(>3 cDNA probe obtained by PCR HDACl and yeast RPD3 cDNAs suggesting it encoded 

as n poslUve control for rIFN-7-induced activation 123]. a new family member. Comparison to the Expressed 

Isolation ofHDACa. mRNA differential display was performed Sequence Tag (EST) database revealed several identJ- 

as described [22] using the prunera S'^JATGCCACCATGG^ ' and 5'- cal overlapping human cDNAs. From Genome Systems 

AATAAACGCCATT-3 '. Thadlfferwually expressed cDNA fragment ■ (g ti Lgyig, MO) we obtained a 1.8 kb human EST 

was exebed and- efoted from the-gel, cDNA clone (#Rfl6879) whose 5' end overlapped with 

noma Systems. The missing 5' end of the cDNA was obtained by stimulated PBMCs and obtained the remaining se> 

performing 5'RACE (Cibeo, BPX) and the full-length cDNA was con- quence and an additional 75 nt of the 5' UTR such .that • 

strucwd using an overlapping PsC restriction atta and ligation into the full-length HDAC3 cDNA is 1984 bp long With ah 

the pCDNA3.iZed vector Qjuvlteqgen). Sequencing was performed Qvvp ^ knot n f . 

2 T HUehCS Biopoly,ncrs ***** at ' H8rvHrd ' . The deduced 428 amino acid sequence of HDAC3 (Fig 

_ JL 1A) predicts a molecular mass of .48,750 Da. It is.50- 

HDAC3 transftctfan." The P CDNA3.1Z*oand the pCDNAjUZeo- 53 % r ldentiCal t0 ^ h uman HDACl |9J. HDAC2 (10], 

Stable transfec'tan'ts were selected with Zeodri-wntedning media, analysis Of the protein sequences (Fig. IB) revealed 

Changes in morphology were observed with a Nikon phase contrast that human HDAC3 is more Similar to yeast RPD3 _ 

microscope. • than other human HDACs or, the other murine, frog, 

CC analysis aad Bow cytomtuy. Cells were foced ln 70% ethanol arid ' DroSOphUs homologS. The sequence homology 

and Propidium fodlda (PI) was added following tha protocol described among HDACs spans most of the molecule but the car- • 

byNicoiettf.124]. with minor modilieattew. Anaiysi, of cellular dna t, oxy i-terminus .is non-conservecU highly .charged and 

intent was performs in a Beekton Dickinson FACS sorter. .■ ^ ched m gl ut amate and aspartate residues. Hydro- 

fUstatxt daacctylxse activity assay. Far the HDAC activity assay, .phobidty analysis using the Kyte-Doollttle algorithm 

THP-i edis were b^ow and couWiz days foUowing change of c^Brnjed the steuctuiral similarity among .the human 

culture media, and PBMCs were collected 2 days after PHA stlmula- HDACs (Fie 1C) 

tiofl. Cells were spun down, washed with Ice cold PBS, spun down and .yeast WJAUS. (f lg^ • „ . . 

Zg^ ,ut 1000 X gforS ndnutes. The cells wars then' lysed to4M >l To identify tissues that express HDACs, we probed 

tyiis buffer (SO mM Trfs pH 8.0, 1 50 mM.NaCl, 0.1% Triton X-100, northern blots of immune and non-immune tissues. All , 

10% glycerol, I /<gtoi foupeptm, 1 ^mi aprotlnin. 0.2 nM PmSF) HDACs were ubiquitously expressed (Fig. 2) but the 

for 30 mm. at 4 *C with gentfo inversion. Lyaatos wore ecntrtfoged to non _iramune tissues was less uniform, with 

asassa-r fSts^ssLEss: ^ *hdm»*» h^ Thus. 

f|cM. ttndiy provided by Chrtstian Ha^ig and Stuart Schrriber. . the HDACs have tissue-specific expression profiles, but 
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FIG. 2. A.Poly<A) + IOTAnartJimnl^birf'in\atlplot* 
HDAC expression, A. There is ubiquitous HDACf£lm«y e . 
In the immune system. B. Analysis of multiple organ tissues reveals 




... ib phosphorylation sites, one of which (Y232) li « 

served among all jnembetts of the family ia aukaryotBS. B. Phyloge- 
netic tree of the HDAC/RPD3 family of proteins based on the rai- 
" welfthted pair group method with arithmetic mean algorithm. Se- 
quences are fhroi:. frog.RPXW PC734S4), humwi HDAC I (US6914), 
human HDACZ (U66914), Drdaophlla (V09258) and yeast EPD3 
(Z71606). Ins lorigths'ofthe horizontal lines are proportional tn tho 
" jrette dlstancas. The numbers indicate the average per- 



the precise functional significance of this finding re- . 
mains unclear. 

To assess whether HDAC mRNA kvels increased 
upon immune cell activation, freshly-isolated PBMCs- 
were exposed to a variety of stimuli for 48 hours. Ex- . 
pression of all three HDACs was increased byPMA and 
PHA (Fig. 3 A) , which induce proliferation and Increase 
expression of p53 [Z6-28J, and by a-CD3. As shown in 
Fig. 3B, H>-4 and.LPS tailed to elicit large changes in ' 
expression of HDACs and had no effect on p53 expres- , 
sion. IFN-7 did not increase HDAC expression though 
. p53 mRNA level was enhanced. These observations ex- 
tend the recent demonstration that murine HDACl ex- 
pression is increased by IL-2 In the B6.1 cytolytic 
mouse cell line and this correlates with enhanced pro-: 
Hferatdon [29]. Surprisingly, GMCSF caused a large 
reduction in HDAC3 expression, suggesting that sup- 
pression of HDAC activity may be involved.in GMCSF- 
induced differentiation (301.- 

To evaluate histone deacetylase activity of HDAC3, 
A-HDAC3 antibodies were used to'immunopreclpitate 
HDAC3 from actively growing human THP-1 and PHA- 
stunulated immune. cells. As shown in Figure 4. hnmu- 
noprecipitated HDAC3 protein exhibited TSA inhibit- 
able histone deacetylase activity. Furthermore, overex- 
presslon of HDAC3 in txansfected THP-1 cells led to an 
i G2M phase (Flg. 5), with a significant 
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(PBMCs) shows, that.... ......... 

tors arid GMCSF. A. PBMCs were cultured with, or without PMA , 
FHA. or «-CD3. B. HDAC3 expression is dcwnrcgulawd by GMCSK 
at. 48 hWs but not sigrdftcantiy altered by y-lFN. 0>4 or UPS. Not 
shown, the downrognlation by GMCSF was seen aX qarilor tlmo 
points (6 end 24 hours) far HADC1 and 3 but rat for HDAC3, A pS3 
cDNA probe was used as a. qontral Jn (A), and (B). Reguli 
HDACs bypolyclonal activators and GMCSF was confirmed 
lyzing PBMCs niRNA from 



Increase in cell size and aberrant nuclear morphology 
(not shown) suggesting an inability of these cells to 
progress coordinately and .undisturbed through thercell 
cycle and apoor Integration of size control mechanisms. 
Our results. are consistent with .the G2/M.cell cycle ah* 
normalities observed when transfecting mouse HDAC1 
into Swiss 3T3 cells [29]. Of note, both in plant (31J 
and yeast [32] , modification of histories, to prevent ace- 
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whola cell 
extracts 


TSAfMOnM) 






PBMC ' 
whole cwJI 
•xli-icts 


r3A(200nM) 





DEACEFYLA9E ACTIVITY (dpm) 

FIG. 4 Hlstorw doocetylase- activity eswy. Human THP-1 my- 
eloid leukemia cells ami PHA-sumulated PBMCs were coBectec! 
after 4 8 his in cultura media. Whole cell extracts were analyzed in 
■ ite pfrTjacslylatei htetone substrate, 
expressed as the average In dpm. 



FIG. 5. FACS analysis pf DNA content reveals cell cycle alitor- 



In the G0/G1 phase, no 
increaso In 'the relative percentage of cells in the early S phase, and 
a custnictaccumulatlon of cells In the G2/M phase (three Independent 
eqj*rlments yielded consistent findings). Relative percentages of 
cells In G2/M ere shown. Necrotic cells were excluded from the analy- 
sis. Ten thousand cells w 



tylation results in Q2M abnormalities, suggesting a 
role for HD ACs in modulation of the mitotic stage. 

Identifying the transcriptional' "switches" that de- - 
fine the phenotype of activated Immune cells will 
likely provide a better understanding of the molecu- 
lar mechanisms underlying immunity. Histone ace- 
tylation and deacetylation are important determi- 
nants of gene transcription and cell differentiation. 
The strong evolutionary conservation of HDACs sugr 
gests they play a .fundamental role in multiple and 
complex cellular pathways of Immune system regula- 
tion, including cell activation, growth and differenti- 

, ation, and.thus represent potential molecular targets 
for the treatment of cancer and autoimmunity. De- 
tailed, studies to define the specific immune cell types 
involved in HDAC upregulation upon, activation and' 
the mechanisms responsible forHDAC-induced cell 

• cycle abnormalities are "now under way. 
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Selective Inhibition of IL-2 Gene Expression by Trichostatin A, a Potent Inhibitor 
of MammaDan Histone Deacetylase 
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' .During screening for inhibitors of T cell artivatfoa, we have found that trichostatin A (TSA), 
known as a potent inhibitor of histone deacetylase, showed selective inhibitory activity against IL-2 
■ gene expression. From luciferase reporter experiments °& human Ieukenjle Jurkat T cells, TSA was 
found to inhibit the expression of the ludfereso reporter gone directed by the IL-2 enhancer and 
promoter with a 50% mhibitbry concentration value of 0.073 /at. On the other hand, TSA, at the 
same concentration, enhanced the expression of the luciferase reporter' gene directed by the c-fos 
'enhancer and promoter. The result of RT-PCR experiments also indicates that TSA has selective • 
inhibitory activity against IL-2 gene expression inJurkat cells. These'results suggest that-the change 
m-chromatm structure caused by the hyperacetylation of histone might affect the regulation ofiL-2 
and C-fos gene expression. 



Activation of T lymphocytes is a complex process 
requiring recognition of the antigen by the T cell antigen 
receptor as well as concomitant eostimulatory signals 
from antigen presenting cells. These events induce the. 
activation of second messenger pathways such as tyrosine 
kinases and protein kinase C and lead to an increase in 
mtrac^ular Ca* + . These signals finally give rise to a 
sequential activation of sets of gone* that ia turn initiate 
proliferation, differentiation and immunological ftrao- 
tions 1 '. Although detailed mechanisms for those events 
arc still unclear, recent studies concerning the molecular 
actions of cyclosporin. A(CsA)" and JFX506 nave pro- 
vided important new information on the biochemical 
process which regulates these events. Of special sig- 
nificance has been the realization that these molecules, 
act as "molecular adaptors" which serve to mediate the 
, interaction between their respective intracellular drug- 
binding proteins (or " fmTnnn .ophilins") ' and their in- 
dividual target molecules. Vigorous research on the 
mode of action of CsA and FK50t5 has shown that 'the 
heterodrmeric, Ca a+ /caModujKn-regukted 'r^08phatas 
calcineulln is a major common target of the CsA- 
cydophflin A and PKJ06-FK506. binding protein 12 
(FKBP12)' drug-irrmiunophuin complex in vitro and that 
drag-irnmunopbilin complex blocks the dephosphoryla- 
tion by cafcmcuhn of the nuclear factor of activated T 
cells (NFATc) in cytoplasm, a step that is required for. 
its translocation to the nucleus. The drug-irrnmtaopriilin 



complexes with calcrneulin and inhibition of its- phos- 
phatase activity provide a molecular basis for the 
inhibitory efiebt of CsA or FK506 on expression of gene 
encoding IL-2 and other cytokines 3 '. Although several 
signaling inhibitors have been reported for the effect of 
the gone expression, as of now no selective inhibitor of 
IL-2 gene expression js known other than CsA "and 
FK506 (manuscript in preparation). 

Trichostatia A (TSA), which had been originally found 
from its antifungal activity 3 ', was' shown by Yoshida ct 
aL to induce'diaerenuation of Friend leukemia cell and 
to inhibit the cell cycle of normal rat fibroblasts in the 
GI and G2 phases at low concentration*'^, and shown 
by Suokta tt at. to induce morphological reversion of 
•^transformed NH33T3 cells* 5 . Yoshida et al. also 
found, that the target molecule of TSA was histone 
deacetylase that is potently and specifically fahibited by 
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ISA 7 *, Since histone proteins have an essential sup- 
porting role in tho transcriptional machinery for regulat- 
ing gene expression, the relationship between core histone 

. hyperacetylation caused by the inhibition of the histone 
deacetylase and several gene expressions is receiving 
increasing attention 8 *. It has been reported that TSA 
. which induces histone hypcracetylation affects the gene 
expression of gelsohV*, histone Hl 010) , cytokeratin A 
(endo A) io and early gene products (c-fim, c-fos and 

We report here that TSA shows inhibitory activity 
against the IL*2 gene expression' and enhancing activity 
against the o-fos gene expression, and that TSA has 
immunosuppressive activity in a mouse experimental 
model. 

Materials and Methods 

Isolation of Triohostatin A CTSA) 

A reporter gene assay, which is lueiferase assay de- 
scribed below, has been used to screen for isolation of 
TSA- The' TSA producing organism was isolated from 
soil collected in Japan and was taxonomically classified 
as Str 'eptomyces sp. GT1 5. TSA was accumulated in both 
. the mycelium and culture filtrate. After adjustment to 
pH 4.0 with 6N HC1, the culture nitrate (30 liter) was 
applied to a column of Disdon KpP-20 (2 liter) (Mitsubishi 
Chemical Industries Limited). The column was washed 
with deionized water and 30% methanol (MeOH) and 
then eluted with 100% MeOH. After, concentration, the 
eluate was extracted with normal-butyl alcohol (*-. 
BuOH)..The extract .was concentrated and the residue 
was. subjected to silica gel (Merck Art. No. 7734) column 
chromatography using the stepwise method of cWoro- 
• form (CHCl 3 >MeOH as ehvting solvents. The active 
fractions were combined and evaporated to dryness. The 
residue was rechromatographed on silica gel (Merck 
Lichroprep Si 60) : with CHa 3 -MoOH. and the active-. 
. fractions wexefTu^erpurmedwithiffLCusingapackcd 
column (YMOODS SH-365-5, 65% MeOH) to yield 
' $3mgofTSA. 

Cell Lines .and Culture 

Jurkat cells wow maintained in complete KPMH640 
(Gibco) supplemented with 10% (v/v) fetal calf scrum, 
penicillin (100 units/ml) and streptomycin' (0.1 mg/ml) in 
a 5% CO a ' air atmosphere. Jurkat/pEL21uc2 *15 and 
Jurkat/pfosluc22 #39 were periodically cycled in the 
above media with 03 mg/ml hygromycm B. 

Plasmid Constructidn and Lueiferase Assays 
' piaflmid construction, transection and selection of 
hygromycin-resistant Jurkat clones were described by 
Miyaji et al. (manuscript in preparation). Jurkat/ 
pIL2Iuc2 «5 cells Nvore stimulated in 200 /d fresh- 
culture media with 12-0-tetradecanoylphobol-13-acetate 



(TPA) (5ng/mi) and phytohemagglutram (PHA) (1/jg/ 
ml) in a tube and incubated for 6 hours at 37*C. . 
Jurkat/pfosIuc22 #3? cells were stimulated in 200 /d fresh . 
culture media with TPA (5 fig/ml) and PHA (1 ^g/ml) in 
a tube and incubated fojr 3 hours at 37°C TSA was 
dissolved io dimethyl sulfoxide (DMSO) at a concentra- 
tion qf lOmw and used at the indicated concentrations, 
.After incubation, lueiferase activities 1 
using a lnmmometer (EG&G I' 



Reverse Transcriptase-Polymerase Chain Reaction 
(RT-PCR) 

RNA samples were reverse transcribed with Super- 
script RT (Bethesda Research Laboratories. Rockville, 
MD) and IL-2 or o-fos specific primers (STRATAGENE) 
were used to amplify selected IL-2 or c~/<wwith AmpIiTaq 
DNA polymerase (Cetus corpration). 

' Mixed Lymphocyte Reaction (MLR) 

Mice were obtained from Ninon SLC. MLR werO Set 
up as previously described by WEBB et al"». 1.5 x10 s 
Lymph node responder cells from B10.BR mice were . 
cultured with 5 x10 s mitomycin C-treatcd spleen 
stimulator cells from AKR mice. The culture was pulsed 
whh 1 per well of pHJthymidme approximately 18 
■ .hours before harvesting onto fiber filterrmats, and then 
cxmnted using a stimulation counter. 

Antiproliferation Activity 

For determination of the antiproliferative activity of . 
TSA, Jurkat/pIL21uc2 #15 was cultured in RPMH640 
medium supplemented with 10%. fetal bovine serum at 
37"C in a humidified 5% CO a atmosphere. Cells were 
plated into 96-wellmicrotiter plate (10* cells/well) in the 
presence ofvarious cortcentratjons.ofTSA and incubated 
for 72 hours. Culture was pulsed with' 1 pG per well of 
[?H]thymidine 18 hours before lm^esting onto filter- 
mats, and counted in a scintillation counter. The results 
were expressed as an IC 5W the drug concentration 
required for 50% inhibition of cell growth. HeLa'S3 cells 
were cultured in Duldecco's modified Hague's medium 
containing 10% fetal calf serum, penicillin (100 unite/ml) 
and streptomycin (0.1 mg/ml). HeLa S3 cells were 
p'reincubated for 24 hours at 37°C in 96-well dishes and 
then treated with different dilutions of TSA for 3 days. 
Thereafter, the concentration Of TSA requited for 50 % 
inhibition of cell growth was deterauhed by Gimsa 



isltivity (DTH) tS) 



Delayed'type 



To induce DTH to trinitrophenyl CW)» 04 ml of • 
10 mM'trihitrobenzenc sulfonic add frNBS^soIution (pH 
7-4) was.subcutaneousry injected into tw,Ofsijparate sites 
on the dorsal flanks of the Balb/c mice. compound 
. dissolved in 10% DMSO was' injected intraperitoneal 
(i.p.) once a day through day 0 to day 4>;Tcn percent 
DMSO was used as the control. Challenge was performed 
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5 days later by injecting 0.05 ml of 10 not TNBS solution 
(pH 7.4) into the right footpad. Twenty-four hours after 
Hie footpad challenge, DTH reactivity was assessed by 

• measuring the swelling of the foo.tpad. The magnitude' 
, of the DTH was expressed as the increment of the 

thickness of the challenged right footpad' as compared 
.with the untreated left footpad. Each group consisted of 
• fiyemice.-TSA-was dissolved in DMSO and administered 
' by i.p. injection for .5 consecutive days, beginning on the 

• daydfss 



In the course of screening for inhibitors of the T cell 
signal transduction pathway leading to IL-2 gone ex- 
pression, Wo have found that a strain of Streptomyces 
sp. GT15 produced a compound which showed a potent . 
inhibitory activity against the expression of the luciferase 
reporter gene directed by. the JOL-2 enhancer and pro-' 
mater.' The compound was isolated' from the culture 
broth by the combination of column chromatographies, 
arid identified, based on-physico-chemical properties and 
NMR analysis, as trichostatin A (TSA) previously 
. known as a potent inMbitor of histone deacetylase<(Fig- 
1). 

From the luciferase reporter experiments on Jurkat 
cells, TSA inhibited the expression of the luciferase' 
reporter gene directed by the IL-2 enhancer and promoter 
with, the- 50% inhibitory concentration (ie J0 ) value- of 



Fig. 2. Effect of trictwetatin A oa 1L-2 and 0-/01 repot (Of 




0.073 j«M. On. the other- hand, interestingly, TSA en- 
hanced the reporter gene expression directed by the c-/<w 
enhancer and promoter at the same concentration as 
shown in Fig. 1. These potent contrasting activities . 
of TSA were reduced by glycosylation at the position 
of hydroxatnate, trichostatin C 16) (data not shown),, 
indicating that the hydroxamate moiety of TSA is 
essential for the effects on the reporter gene expression. 
These results are showing that contrasting activities of 
TSA on gene expression of JL-2 and ofos were ascribed 
to the inhibition of histone deacetylase.- Because the 
inhibitory activity of TSA on present gene expression 
was dependent on the hydoroxamate moiety which is 
parallel with the effect on histone deacetylase 7 ) and also <■ 
there' was no common characteristics in the promoter- , 
enhancer regions of the genes irrespective of different 
sensitivities to TSA. 

It has been reported that TSA affects the gene ex- 
pression of gekoUn 9 ', histone HI 0 10 >, cytokeratin A 
(endo A) 11 * and early gene products (c-/hh, c-fos and 
c-?wyc)"\ all of these reported gene expressions, except 
of o-Jun, have been significantly enhanced by TSA. 
Therefore, it is noteworthy that TSA selectively inhibits 
. the H>2 gene expression. 

' Beforethedisc»ver^thatTSAisanmMbitororhistone 
deacetylase, sodium K-butyrate was used to inhibit 
histone "deacetylaae, although its inhibitory activity is 
weak 17 "" 20 '. We have tried to determine whether sodium 
j»-butyrate also shows selective inhibitory activity against 
the IL-2 gene expression and enhancement activity 
against the ofps. gene expression. Although the con- 
centration of the drug is very high (IC s o*=1.0mM), 
sodium n-bmyrat* inhibited the IL-2 reporter gene 
expression and enhanced the c-fos reporter gene ex- , 
pression like TSA <Fig.- 3). While the observations shown' 
here for sodium »-butyrate have not been reported, a 
rapid alteration of the c-myc arid ojun gene expression 
caused, by sodium 71-butylate has been reported? 1 *, ' 

These results indicate that core histone hyperacetyla- 
tion caused by the inhibition of histone deacetylase may 
be involved in the alteration of IL-2 and o-/tw gene 
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To confirm the selective inhibitory activity against the 
IL-2gen« i expression, theeffectofTSA on the endogenous 
IL-2 mRNA expression on Jurkat cells was investigated 
using a- RT-PCR experiment As shown in 4, TSA 
as well Is cyclosporin A (CsA) mhmite^=^|taction of 
endogenous IL-2 mRNA at the concentea^QfiL of 1 pu, 
not that of /3-acthv and G3&DH mRNA as controls. 
Smularly, induction of endogenous o-fos 'mRNA 'was 
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?Fig, 3, Effect of sodium K-butylate on IL-2. and o-foi reporter 
expression. 

IL-2 (•) mid C-/OJ (■) reporter activities hi ttw presence- 
- "of various concentrations of sodium n-butyraw, • 
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Fig. 4. Effect of trichc-jtatra A on Internal IL-2 inRNA 
eXpreWton by S.T-PCK. 
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(im), 1«» 4: +TI'A (5»g/nil)+PHA (1 jig/ml) +q-clc« 
jporin.A<ljtt<),M: market. '. 
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enhanced hy TSA but not by CsA (data not shown). 
These results indicate the following. First, since the 
endogenous IL-2 mRNA expression as well as the IL-2 
reporter expression were affected by TSA, the activities 
of TSA against the reporter expression do not appear to 
be due to, the positional effect of a stable transformant 
of Jurkat cells. Second, the mode of action of TSA is 
quite different from that of CsA because of its different 
effect on the v-fos gene expression. 

IL-2" production on Jurkat. cells stimulated by'PHA 
and TPA was also inhibited by TSA using enzyme linked 
immunosorbent assay (ELISA) (data not shown). 



Title t. Effect of trichostatin A on dd'ayed typo hyper- 
sensitivity (DTH). 
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In order to investigate immunosuppressive activity, 
TSA was' first assessed In vitro using the mixed lym- 
phocyte reaction (MLR). As results, TSA showed in- 
hibitory activity against the MLR with an IC 5q value 
of 0.032/JM and showed antiproliferative activity against 
. the Jurkat colls with an IC 50 value of 0.052pi, while the 
IC 50 . value pf antiproliferative activity against HeLa S3, 
a nonlymphoidic cell line, was LI (OIL Secondly, TSA 
was assessed in vivo using the mouse delayed type 
hypersensitivity (DTH) experiment TSA showed 47-1% . 
inhibition by i,p. injection of 50mg/kg x 5 as shown in ' 
Table 1. although the inhibition of TSA against DTH, is • 
less effective than that of CsA (30 mg/kg x 5 p.o,: 94.5%), 
TSA has. a variety of biological activities such as 
antifungal, induction of cell diSereatiatioa, cell cycle . 
arrest, morphological change and effect on gene ex- 
pression 3 ~ 6 - 9 ~ 13) . These biological activities of TSA 
arc considered to be a result of the inhibition of histone 
. deacetylase'''.. However, there is little information on the 
relation between these biological activities and inhibition 
of histone~de'ace^lase on ge'ne"expression;"~ " 

The level of histone acetylation is mainly controlled 
by the ac«tyltransferase-deacetylase equflibrium W) -. Re- 
versible histone acetylation, which occurs at the e-amino 
group of specific internal lysine residues located at the 
concerned domains of the core histones, is supposed to 
play an important role in the regulation of the chromatin 
structure and function spedficiauy in DNA replication 
and transcription* 3 '. TSA inhibits histone deacetylase. 
resulting in the fiyperacetylation of shistone". The 
hyperacetylation of histone is generally considered to 
provoke relaxation of the chromatin stnicture.to make 
various transcriptional factors accessible, to DNA. It 
seems that the transient increase in the site specific or 
phase dependent histone acetylation may : be essential for 
the early stage of gene expression, 

Although.it is not dear why the inhibition" of histone 
deacetylase causes the inhibition of IL-2 gene expression 
and activation of the o-fos gene expression, it is of great 
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" . ' interest to know the mechanisms that TSA possesses for 
' contrasting activities against immediate--early (p-fos) and 
early gene (IL-2) expression caused by external stimuli 
on Jurkat cells. The dramatic change in chromatin 
structure by the hyperacotylatjon of histona might affect 
the PNA binding capability of various transcriptional 
factors or their regulatory molecules. This' might result 
in the difference -between the IL-2 gone expression 
induced only by specific stimuli from the T cell receptor 
and the o-fos gene expression induced by non-specific 
stimuli. Future experiments must address howa set of 
transcriptional factors and/or their regulatory molecules 
recognize the acetylated form of the chromatin structure 
and control the IL-2 and/or <t-fos gene expression to 
coordinate the complex organization of T cell signal 
transductional events. 

Acknowledgments 

The authors deeply thank Ms. V. Nattoh, Ms. M. Kamiya,' 
. Ms. K. Hasbgawa and Mr. Y, TfemK for their technical 
assistance. 

References 

1) Whss, A. & D. R, Litman: Signal transduction by 
, lymphocyte antigen receptors. Cell 76(2): 263 ~ 274, 1994 

2) Schrkbek, S. L. & G. R. QiABtMaB; The mechanism of 
action of cyclosporin A and FK506. Immunology Today 
13(4): 136-142, 1992 

3) Tswi, N.; M. Kohayashi, K. Naoashtma, Y. Wajosaka 
& K. Koizumi: A now antifungal antibiotic, trichostatin. 
J. Antibiotics 29: 1-6,1976 

4) Yosm&a, M.; S, NiMORAi & T.' Bawro: Eifecta of 
trichostathw on differentiation of murine erythroleukemia 
cells. Cancer Res.- 47(14): 3688-91, 1987 " 

5) Yoshtoa, M. & T. Beppu: Reversible arrest of 
proliferation of rat 3Y1 fibroblasts In both the Gl and 
Cephases by trichostatin A, Exp.Cell Reg, 177: 122-131, 

• 1988 

6) SuerrA, K.; K. Koizumi & H. Yoshtoa:. Morphological 
reversion of sis'transfonncd NEEBT3 cells by trichostatin 
A. Cancer Res. 52: 168-172, 1392 

7) Yoshtoa, M^ M. Kijma, M. Amta & T. Bamj: Potent 
and specific inhibition of mammalian histone deacetylase 
both in vivo and in vtifo by tricbostatia A. J. Biol Chcm. 
265: 17174- 17179, 1990 

' 8) Wolffs, A. P.: -Transcription: in tune -with the histones. 

'Cell 77: 13-16, 1994 
9) Hoshikawa, Y.; H. J. Kwon, M Yoshida, -S. ' 
• HoHWUcai & T. Bmvrc Trichostatin A induces 
morphological changes and' gelsolin expression by 



inhibiting histoue deacetylase in human carcinoma cell 
lines. Exp.' Call Res. 214: 189- 197, 1994 

10) Gjaardot, V.; T. Rabomkjd, M. Yoshida, T. Rspfu, 
JVJ. LaWRBNCB & S. Khochbin; Relationship between 
.core histone acctylatian and "histoue H10 gene activity. 

' Eur. J. Biochem. 224; 885-892, 1994 

11) MlYASHITA, T.; H. YaMAMOIO, Y. NlSHfttUNE, T.MORlTA 

<& A. MATSXJsmao: Activation of the mouse cytokeratin 
. A (endo A) gene In teratoeardaoma F9 cells by me histono . 
deacetylase inhibitor Trichostatin A. FEBS Lett. 353: 
225-229,1994 ■ ■ 

- 12) FUTAMURA, M.; Y. MONDHN, T. OkABB, J- FOJITA- 

Tosjuoaki, S. Yokohama &. S. Nbhmura: Trichostatin 
A inhibits both ray-induced neu'rite outgrowth of PC12 
• ceUsandmorphologicw-transfoiniati^ 
Oncogene 10: 1119-1123, 1995 

13) Webb,S.;CMowu3,5cJ. Strhne Extrathymic toleranee 
of mature T cells: clonal elimination as a consequence of 
immunity. Cell 63: 1249- 1256, 1990 

14) Takakashi, I.; S. Nakatoshi, B. Kohayashi, H. Nakano, 
K. Sozuki &T. Tamaokc Hypericin and paeudohypericin 
specifically inhibit protein kinase- C: possible relation to 
their anth-etroviral activity. Biochem. Biophis. Res. 
Commun. 165: 1201-1212; 1969 

15) TstmrxFtiJi, M.; B. Benacerraf & M. Sy: An antigen- 
' specific signal is required for the activation of second- 
order suppressor T cells in the regulation of delay ed-type 
hypersensitivity to 2,4,6-trinitrobcnzene sulfonic add. J. 
Exp. Med, 158: 932-945, 1983 

• 16) Tsun, N. & M. Kobayasjeh: Trichostatin C, a 
gbicopyxanosyl hydroxamate. Jr. Antibiotics 31: 939 -944, 
1978 

17) C^vs»<s,L,S.;D.'GAixwrrzc5:B.M. Alberts: Different 
accessibilities in chromatin- to histone acetylase. J. BioL . 
Chcm 254: 1716-1723, 1979, 

18) Camdido, E. P. M.; R. Reeves & J. R. Davis; Sodium 
butyrate inhibits histone deacetylation in cultured cells. 
CeU 14: 105-113; 1978 

19) Shaly, L, & JRj. Chalkley. The effectof sodiurabutyrato 
on histone modification. CeU 14: 115-421, 1978 

20) VtoalvG.; L. C. Bowa, E. M. Bradbury & V. G, 
AlifRSY: Butyrate suppression of histone deacetylation 
leads to accumulation of multiacctylated forms of histones , 
H3 and H4 and' increased DN&se I sensitivity of the 
associated DNA sequences. Proa Natl. Acad. Set U.S.A.. 

' 75: 2239-2243, 1978 

21) Soulhmani, A. & C. Asselin: Regulation qf c-wyc . 
expression by sodium butyrate in the colon carcinoma 

• cell fine Caco^. PEBS Letters 326: 45-50, 1993 

22) CsoiujASiA^CrithebiologicalrolBoftt 
Biochan. i J.'265: 23 -38, 1990' 

23) AliFKBY, V. G.; R. FAOtKKER &■ A. E. MffiSKK- 
Ace'tylatioaandmethylationof histones and theirpossiblo 
role in the regulation of RNA synthesis. Pros, Natl Acad. 
Sci tT.SA. 51: 786-794, 1964 



Appl. No. 10/525,015 
Docket No. Q86324 
Appeal Brief dated October 3, 2008 
Document 3 



Partial English translation is as follows, 
(page 29) 

Table 2-2: Classification of Autoimmune Diseases (Classification by Roitt) Spectrum 
Autoimmune Diseases 

[Organ- Specific Autoimmune Diseases] 
Hashimoto's disease 
Pernicious anemia 
Autoimmune atrophic gastritis 
Addison's disease 
Goodpasture's syndrome 
Pemphigus 
Pemphigoid 

Sympathetic ephthalmia 
Severe myasthenia 
Autoimmune hemolytic anemia 
Idiopathic thrombocytopenia 
Idiopathic leucopenia 
Primary biliary cirrhosis 
Chronic active hepatitis 
Ulcerative colitis 
Sjogren's syndrome 

[Organ-Nonspecific Autoimmune Diseases] 
Systemic erythematosus 
Dermatomyositis 
Scleroderma 

Chronic rheumatic arthritis 
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Slight External Wound 
Discharge of Proteinase Crack of Cartilage 



t 



t Hardening of Cartilage 1 
t * 
t Synovitis 



Fig. 4- Onset Mechanism of OA 
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